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{APPARATUS FOR TRANSMITTING/RECEIVING DATA IN MOBILE COMMUNICATION SYSTEM USING SPACE-TIME 
TRELLIS CODE AND METHOD THEREOF} 



[3^3 ^] 

£ l£ ^#3^ STTC* ^>-§-*m 7fl^o.S. £A]*V £ig 

.£ 2^ £ IS] *lU<?li2Dl (121-1) tfl^l *HP<yi2C-Kl21-P) vfl^- ^21 S^lSr £ig 

£ 3-g- 27H°| 37fl<^ ^A] o>Efli4# STTC ^^]7l 7fl^^ £ 

£ 4^r i 1^ ^^71^1 ^-g-^Kr ^^]7l f2f 7fl^^A^ £Al«l £ig 

£ 5^r -g- AjAl^oflA^ ^*3<5}7l STTC1- A>^>^ ^A] 7 1 f 2 f 

£ 6^ i 5^ ^^J7H1 ^V-g-^ ^A] 7 1 ^2:1- jfl^iS S^ltt 

£ 7^ constraint length K7]- 4<?] ^ ??{-%r*\} trj-^ X\^^]o}^ 

7fl^^O.S £Al^l ZLEflS 

£ 8^ constraint length K7f 5°] ^ ^- ^ V ^M ^ ^-g-ofl oj-^- Al^ello]^ £3}.* 
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5. 9^ Si trellis termination^ 4^- 4^1 SsfJ 7flef 3-^-5. S.^ltr £. 

3E. 10^r ^3 trellis termination^ nj-^ ^])°^ S^-g- 7fl^^.S. 5*1*1: 

Space-Time Trellis Code, °1*> "STTC"£r ^)sr>7]S fW* *r-§-^}^ oj^ a}^6\}*] c-fl 

<12> (Mobile Telecommunication System)^ ^4?f>} ^sfl ^\7}JL, S^r # 

7l ^i^H ^olEi^o] ^-^^711 ^7}^°\] ^ jit]- z\]o]t] 

^ 7lx]-3-?J- «l#7l^ol %cfl« =LiEL ^ 4^ ^#(W-CDMA: Wideband-Code Division 
Multiple Access) °o > ^#, 4*1 7l^^-?i ^7l«^<y CDMA (Code Division Multiple Access, 
"CDMA"Sr ^*}7)S. tr^)-2000 *r<& S^5)-*>JI 5d°- ^ , ^v 7 ] ^-^ 

^-AjAl^Efl^ ^>^o.S. *V 71*1^-8: -f-^fl 4^r7fl^ ^^7](MS: Mobile Station)l-°l 
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^ ^HH #49*}-^ ^(Fading) £]*fl ^ ^IJ:^ 3H><>1 i2fl^rf. #7} 

^1 c-flojEi ^-f , 4^0^ ^cflolE^ 

o>n> ^ji, o]^ 3flol^^- ^r^}7) £|*1H <^z] 7}x] r\o]n] a}^] (Diversity) 7l«H 

<is> CDMA ^J^HH^ *fl\t^ ^ S^Kdelay spread)^: °l-g-*11 cH^e) ^a} 

*rfe eflola(Rake) <r4l7l* *H^}JI &tj-. SJMH ^41 7l^ >3S(multi-path) ^1 

7}^ *-g-^ efloja ^a]71^ *1<£ HKH ^2\3_t\. 3^ ^-f §-^1^ 
°1 $icf. JE^r. ^ si wj( Inter leaving)^ iEL^ (Coding °l-§-^Hr *\ ^ (Time 

diversity) 7]*g-& £#e^ ^(Doppler spread) ^}-g-^. <#7] cfo] 

w^eI «j-ai^ ^ 5L#si sr^r *fl^H^ °i-g-sRr 3°1 ^»i=Hr ^1^1 5*5^. 
<w> zieis. s ^ ^-o] *l<g ^-aVo] ^-o. ^4 ^-o] ^.xj. 

°1 x\^c9l ^ti^l^ n o ]^^ ^r^}7] ^ t}oliilX|El(Space Diversity) 7]^o) a>-§- 

^l=f. ^"71 Cfol^AlEl^ ^- 7 fl ol#<q o>Eim-* °l-§-^ ^oltHAlEl 7]^om-. 
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n o\ ^ =L aJJl 3.7} 7} &&.1t ^-f , "SHIM"* -f-*fl ^Ajs} a]^S ^a} 

4 ^ 0 J^l4l- Ol-g-^ ^A] Cfol^A]^ 71^ ^ 5*^. ZLEiM-. #71 ^AlOj-Efl 

u|- tq-ol^AlE] 7l^^l 3-f ^7}o\] ^7} 2) 3.7) flf H) -g- ^olH Cf^7fl^l ^ 

a] oj-Efl^i- ^^l*V7l ^1-71 m^-oll, 7}X}^°\] Cf^7fl^ ^Al o> Efl q.- A^j*}.^ ^Al v±o)n\ 
7)^ Aj-g-^ ^#^cf. 
<15> s.^] , 4^1tJK4G) <>1^- Al^EfloflA^ 10Mbps 150Mbps ^5.2] ^^1 ^E-fr 

7lcfls>ji SJol^, i-^HKerror rate)£- 3-9- «1H °fl e^(BER: Bit Error Rate, 

"BER"*!^ ^§>7lS 10" 3 , ^-f BER 10" 6 , <3^( image) ^ 34- BER 1Q - 9 ^ 

» JL^SJ-ul ^cf. STTC^ 4^ ^lM-^r ^-1^ 7l#o] ^o.SAi, -^Aj 

MIM0 *ti^H cflojE^Cdata rate)*r ^J5l£(rel iabi 1 ity)^ «a]^o1 7}x\$l^ 7)^ 

°l^f. #7] STTC^r ^7) #A] A) Jr o] A] -§-%V *>^J* ^^±3.4% ^A] 7 j a]^ Cfol^Al^ 

ojs.^ <^7fl sq^ ^Jojcf. 5th ^-7>^<y cfl<* ^(bandwidth) 3-^ °l^(coding 

gain)# ^ *fi\£ -g-^l Sl^HS. €• 7^^ 7}*\J1 ^cf. 

<16> ZLSflA^, #7] ^A] cfolttjAlEl 7l ^ -$r ^-g-^ STTC« -M~§-*H , #7l STTC 

1- A>-g-^ Aj-7] cf^ 7 fl^ ^a] ^i+M. a}-§-^- nfl ^(fading channel)^ 2)^ 

"$7}±r ^ ^(channel gain)^ tfl-§-*Hr tfo] ^ a] ^ (^(diversity gain)*}- ^1 

^a] ^ o. ^Al^l j^-i- 7Mfe ^(coding gain)# M ^t}. aJ- 7 ] STTC* Af-g- 

A]jr-g- ^a]^ tij-Ai^ Vahid TaroknSK N. Seshadri^r, A. Calderbank7> 1998^ 
IEEE ^-A^) "Space time codes for high data rate wireless communication: Performance 
criterion and code construction,"^ 7l*fl£M &tf(Vahid Tarokh, N. Seshadri, and A. 
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Calderbank, "Space time codes for high data rate wireless communication: Performance 
criterion and code construction," IEEE Trans, on Info. Theory, pp. 744-765, Vol. 44, No. 
2, March 1998). #7l Vahid TarokhSf, N. Seshadri^-, A. Calderbank7|- 1998\i IEEE 
-nr*] "Space time codes for high data rate wireless communication: Performance criterion 
and code construction,"^ ei|°lB(code rate)* A l^-^^r ^^(symbol)l-^ 

yfl^JL ^o)^- nfl, eflolB7> lH_t\. ^o\o\ ^A] aV^u^ ^A] ^ E |uf ^ ^ofl sflc^ 

*r*r diversity gain* <2-§- ^ &t}oi fl-^*>ji ^cf. 

<17> ^ 7 ]^ s. 1* #7l STTC» A>-g-§>^ ^A] 7 j ^.g. A^}7l5. 

<18> ^7} S. l£r ^ti>^ < ?] STTC1- ^>-g-^f^ *^l7l 7fl^^ £*l3r £^o]cf . 

<19> #7l £ 1* tis^, P7fl^ ^iL r-HojEi ti] B( information data bit)!- d x d 2 d 3 

... d P °l #7l ^A]7lS ^^sl^, #71 <y^£ ^ji c-HojE-l al-H-i- di d 2 d 3 ... dp^r 2]^/ 

^^:7l(S/P: Serial to Parallel Convertor)( 111)5. ^^^cf. ^7^, 0]^)^ 
(index) P^ #71 ^i^oflAi cj^l ^ai a1^> ^ofofl ^a]^- ^ cflolE^ alSl-^l i_f 
^HH, #71 ^ ^Ai Al^ Airt( symbol ) ^ -ol ^ - 01 cf. # 7 1 31^/^^ ^^-71 

(111)^ #71 ^M. HlB# di, d 2 , d 3 d P * ^ ^U^sc-l 

(encoder) (12 1-1) i^^l ^lP^Scl (121-P)5 #^t}. ^, # 7 1 ^1/^1 ^€:7l (111)^ ^1 

HIM di* ( 121-1 )S #^}JI, H 

cflolE^ tilH d P # ^lP < y^t:-l(l21-P)S. #^^t4. #7l ^U<ysr;-1 (121-1)^1^1 *l)PSl.2 

cl(121-P) #71 21^/^1 ^«:7l(lll)ollA-l a]^ og^^ ^3 -g^sH <& 

^913-^ *&^°-S. <a^^tr ^ ^11^3:71 (modulator 1)( 131-1 W *] *flM^7l (modulator 
M)(131-M)S #^trcf. o^H, ^7) °]*H+ M^r #7l ^7H1 01^ ^a] oVEflm- 
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^ 7fl^» ^EHH, #7] HM£ STTC <>li2^ 0 o V ^°l^. #7] ^llolSCi (121-1) ifl*l 

*llP<?]iELDKl21-P) ifl^- ^2^r ^7H^ £. 2# ^2*H ^o]^ S <*|7Hfe ZL 

UBIuL, #7l ^11^2:7] (131-1) ifl^l ^lM^2:7l(131-M) 4^ #7l ^1^1^(121-1) 

ifl*l ^P^st-Um-PHH #^tr #^1- ^^*H Sl^ ^2 »JJ-^o.S ^23} 

#7l ^1^2:71(131-1) ifl*l ^M^27l(131-M) AA^r ^JLl^ #°1^" 

® H. ^}0>}H.J^ °$7)*\±t #71 *11 1^271(131-1)1- <£ <%3. *M -£^7} 2. t&t}. 

#7i ^li^27i(i3i-D^ #7] *fl ioi S d| (121-iHl >H anpslscum-p)^ P7fl^) sIjsdHH # 

^IJll- «a^*H 7>#^ 3=r #7l ^11^271(131-1)7]- ^^£l^ ^# #*im, ^ 2111^41 
^^^(ANT 1H1 Z^^Sr ^f>\jl, #7] o]^o] X)^ pj ^ >^SH ol^ £ 

2 £2tr ^ ^l^^l «?>Eflq-(ANT 1)5. #3^-. ^7lAi, #7l ^2 

BPSK(Binary Phase Shift Keying, o]*} "BPSK"Hl- ^^}7}S. ^cf) « 0 >#3z]- ; QPSK( Quadrature 
Phase Shift Keying, o]*> -QPSK"e} %*}7]3. *Vcf) H o v #^-, QAM (Quadrature Amplitude 
Modulation, "QM"o)e\ ^-5}7}S. tr^f) « 0 v #2r, PAM(Pulse Amplitude Modulation, °l*r 

"PAM"°l5]- $t>}7}£. tb4) u o v ^^f, PSK(Phase Shift Keying, °]-&} "PSK"^ 5}%}7}£. tr^f) # 
^ ^2 y o V ^H-°l SZ^, #71 £ 1°1H^ <y sell- Si 7fl^7> P7flolH.5 2P-ary 

QAM «J-## A>-g-^-c1-ji 7>^*>7lS $th #71 ^1^271(131-1) tfl^l ^M^27l(131-M)^ Zf 
21- ^2^ £2 ^li* Si ifl*l S M * #71 ^11 ^# «?>Efli4(ANT 1) ifl^l ^|M ^# ^^(ANT 
M) ^^-o.S #^tr^f. #71 afll ^a] olEflq-CANT 1) tfl*l *fiM ^# <£i£lK(ANT M) zj-zjvfr # 
71 ^1^271(131-1) ifl*] ^lM^27l(131-M)ol]^ #^*V t2 ^tt Si *M S M *- °fl<H (air) 
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<2i> o$ 7 ]a\ £. 2# t£j}<^ #7] ^ll^lSC^ (121-1) tfl^l *flP<?l^c1(121-P) vflJjL ^ 

<22> ^-7] £ 2 ^ £ IS] ^11^^^(121-1) vfl^l ^Hpol2Cl(121-P) f^t S^l^r S.'S 
•14. 

<23> #7l £ 21- ^S*}^, ^"71 £ loflA-1 (121-1) ^1P<?1^^(121-P) 

^ ^>7l £ 2<H1 5L*)5\o] o}i=- ti>^ ^ f 2 f 7>xl^, A o v 7 i ^llol^Dl (121-1)1- <H 

3(121-1)3 ^sU, #7] *)1 1^1^(121-1)^ ^7) ^a. cflo}E-l HlB di-i- tapped delay 
line, ^ xl«^7l (D: Del ay)-&(211-l) (211-2) , .. , (211-(K-1))S #^#t|-. °)7]*\, #7] 
tapped delay lineal ^1^7l#^ #7] *Hl°]acl (121-1)^ ^^-(ol§> "constraint length"^ 

^i5}7)3. K S-tf I7fl 7fl^S. ^-71 <g 7l #(211-1) (211"2) 

(211-(K-1)) ^$$= ^IJll- *1£*H #3^. ^, -8-71 ^^7|(211-1)^ ^"71 3Ji 

cflojE^ alH "di* *1<3*H *1 £71(211-2)3. ^7) ^1^71(211-2)^ ^7} x)<&7] 

(211-lHH #3*Kf AiJil- *l£tr ^ #^tr4. 3L*V, #7l *l£7l #(211-1) (211-2) 

(2ll-(K-D) A <g % ^3 ^l^-sl^ *lsl id ^ 5^ o^o] ^7^ 2.1- 

5- 7K>7l(modulo adder )# (221-1), ... ,(221-M)3 #^4. <^7)*], #7l 7Rr7l# 
3 7fl^ ^"71 ^A] oj^m-s.^ 7H^af ^SH, £ 1<H|*| ^Al o> Efl ^o) 7fl ^ 7> M o] 

JEL3, #7l S.^S. 7}a>711- ^Al M7fl ^wl^cf. n.^ji ^7} ^1^7H-(211-l)(211-2), .. , 

(2ii-(k-d) aas\ ^m*}^ °]^£r gi> j, K s. s.^^n, #71 gi> L k <hh ^ 
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M*>*1 Kir 1°1H constraint length k?}*l ^tr^r. #7l £fS. 7R>7] #(221-1) , 

.... (221-M) ZJ-zJvg: sH^ ^^7l#(211-l)(211-2), ... , (211-(K-1))^ #7l 
^JJL-i-^- £fS 7>#*H #^*Vcf . #7l STTC °Jia^ #7l Vahid 

Tarokh^, N. Seshadri^h A. Calderbank7l- 1998\i ^l^tr IEEE "Space time codes for 

high data rate wireless communication: Performance criterion and code construct ion, 

<24> ZLS^ o^H #7HH STTC* *}-g-Wrfe ^71 ^6fl>H tlSCi 7fl^7> 27fl o] 

<25> Aj- 7 j £ 3^ 27fl^l *L2C^, 37flS] ^A] oVEflM-1- 7>7]^- STTC <£#7l ^# 7fl^^A 

<26> Aj- 7l £ 3 ^ %-2:*>^, ^ 27fl ^Ji tT| °] B) dl ^ Aj- 7 j ^A]^ °] ^ £| ^ , 

#7l ^ tflolE] ti]H# di d 2 ^ ^H/^lt €#71(311)3. ^^^Cf. #71 ^^/^t 

^*7l(311)fe #71 t-IHEi til^s. dl> d2 o. ^ tt^H #71 ^J6L cflolE^I HjB dr§: 

afllSliacl (321-1)3. #S**rul, #71 ^ij. cilojEi HlH d2 ^. ^2^]^cl (321-2)5. #^*Vcf. # 
7l ^Utlscl(321-1)7> constraint 
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length K7> 4^J1 7>^s|-^ (constraint length K = 4), ^7] ^1^3.^ (321-1)21 ^-2^ 
%7] S. 2^1^ Qo) AV 7 1 constraint length K 4J±i} 1^ 7fl^<y 37fl2l *]<£7) 

l-32f(l+2D+D3), 37fl^ 7>A]-7l-i-ol ^wl^cf. aj- 7 ] *H i<y sc-l (321-1 )^b 3} 

tilS^l 21- ^lB^, ^ *i*ll *1<£7HH x\] *}ol5l H]B7l- *fll o>Ellu}(ANTl)^ 

^11^^71(331-1)^1 <?!^£l^ ^ ^*1| 7R1-713. #^^cf. o]Q ai^^. a o v 71 x)]iol S d 

(321-1)21 37fl2l ^-t>7l#2l zfzj- ^1^2:71(331-1)^-, ^12^2:71(331-1)^, *fl 

3^271(331-3)5. #3^4. =LZ\JL, #7] ^I2^1^cl (321-2)^ ^7} 2]^/^ £«:7l(31lH 
*1 d 2 # <^*M A o v 7l ^1<?1SC-1(321-1)S1- B o u ^£ ^1^^*!- ^ ^71 *U<±l2 

7l(331-l)Sf, ^12^271(331-1)^, ^113^271(331-3) AA°-3- 

^-71 ^11^271(331-1)^ ^7} ^ 19j2Lt:-l (321-1) ^ *H2<?liai=l (321-2HH %%fsV aIJt 
1- ^^^H *1^ -£33 ^2 « 0 v ^°-5. ^2^ *Hl^ <y:Blli4(ANT 1)5 #^tr4. <*M>H, 

^"71 ^7H1 ^-g-Sl^ ^2 «o V ^^ QPSK «J-^°l2l-^l 7>^*>7lB nJ-BH #71 *Hl<?]5I 

ci (321-lHl a-1 #^ ai^7> bi^lJl, #7} ^12'?]St:-1(321-2)^1^ #^*v a]^ 7 ]- ^ ^> 
7l ^11^271(331-1)^ ^>7l QPSK «o v ^5 ^2sH bi + b 2 *jS. t^tr*}. ^7} 1^271 
(331-1)2)- n>^. 7 >^l ^0.5 ^7) ^12^271(331-2) ^ ^13^271(331-3)^ #7l 
3ci (321-1) ^ *fl2<?}i2i:-1 (321-2 HH QPSK °o v ^lil5 «^2*H *fl2^ 

a] ^A]o>Elli4(ANT 2)2)- ^13^^1 <£NluKANT 3)5. f^tr^r. #7l *fll^ <?H]i4(ANT 1) vfl*l 

*fl3^ 9lEllM-(ANT 3) ^"71 ^1^271(331-1) vfl*l ^13^271(331-3) ^^HH #^ 

tr ^2 41^# Si tfl*l S3I- ^SfcPk 
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< 28 > £ 41- #2:*H #7l £ HH A^t^^. STTC« ^>-g-*>^- -S-S-«fh 

<29> #7] £ 4^ iE 1^ ^ a] 71^1 #-§-*Vfe- ^^171 7fle?3 o S EA ] ^ £^o]c]-. 

<30> sfr 7 ] J£ 41- %^*>^, ^7]ofl^ ^O^Aj-O.^ ^A]*V AjJ^ j£ 7 ] ^Al 7 ]o) ^a] 

<L>Efll4#^. ^^l^Cf. #7) c 4 oflA^ ^A] ^Efl^-I-Ol N7 fl ^Wl5]c>l olcfjl 7V^^>7lS #1} 
. #7l N7flS] ^Aj o>Efli4l- oflo^Aj-o.^w.E^ ^Al5]^r AjJrS. ^^dl, # 7 j ^ 

^1 ^Eflu(-(ANT 1) ^^1 *flN ^ ^1M-(ANT N)« **fl ^Js^ ^ 7l (channel 

estimator)(411) ^ *flH^ 7flA]-7] (Metric Calculator )(423)5 S^^. ^7] ^ 
(411)^ *fll ^Efli4(ANTl) ^ ^r^q-(ANT NHH #<3tr ^1^1"* 7^3 

^ ^ H *fl^£ ^ hypothesis (41) S. #^*V4. 

<3i> <g-3g ( *1€^ ^^71 (Possible Sequences Generator ) (415)^ #7] &*l7}<>\]*) 

-31, #7l ^>ytr ^1 1^^^(417-1) ^*1 ^lP^lsr:i(417-P)S. t^tr^T. ^7^, # 

71 7>^ ^§^71(415)^ #71 4^1 7HH A^ 0] B] 1 ^AJ^ ^7 r P7fl^l ^ J± *1 

Hl-olS^, P7flSl ^€ 7>^ Al^^( d ,- d p) - o. AjjA^t]-. oj^Tfl ^Aj^ 

7>^ P 7fl si wlH-i- #71 ^l<?]sr:-l (417-1) tfl*] *HP<?i5It;-l (417-P)S 

S\3L, a 0 t-71 ^l^SCl (417-1) tfl^l ^lP<?]^r:-l(417-P)^ zJ-zJ"^ #71 £ 2 <Hl^ 

^^tr w>^- ^ STTC ^ ^ l^S7l (419-1) vfl*l *flM«iS7l 

(419-M)S #^*rcl-. a o v 71 ^1 i^S7l (419-1) ifl*l ^M^2:7l (419-M) #7l ^l^scl 

(417-1) ^lpo]^Dl(417-P)ollAi #^s>^ ^1^^^ «lB-i-^- U W ^JLS. 

#71 hypothesis (412)5. #^tr^. <*|7H ( #7] ^i^S7l (419-1) ifl^l ^lM^2:7l 
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(419-MHH 3-8-*rfe €2: «<H4£r wH4 lk°] BPSK QPSK H <H44, QAM 

y <4^4, PAM y o^4, PSK ^ f-4 ^ IM* ^ tb , ^"71 £ 

1^1 ^1^3:71(131-1) vfl^l ^lM^2:7l(131-M)ofl^ ^ 2 p -ary QAM «<HM;e.5. 

^11^371(419-1) ifl^l ^lM^37l(419-M) ^Al Aj-7l 2 p -ary QAM « 0 v ^°-5. ^51 

^7l hypothesis (412)^=7 #7l ^1^2:71(419-1) ifl*l *l]M€2:7l (419-M) zJ-zHH #^tb 
^iS-l-sh <#7] *m ^^71(411)^1^ *m ^ ^4* ^^r^, A o V 7l ^11^3:71 

(419-1) ifl*l ^lM^S7l (419-M) zfzMM #^*b -iiJt^S °l-¥-<H*] A l€^7> #7l *fl^ ^ 
^^*V f4ft ^ 7}^ *fl^ #^-S- ^"71 ollH^ 7^71(423)3. 

^"71 nflm^ 711^71(423)^ #7l hypothesis (412)^1^ #^*V 7 p 0 > #^4 # 

71 afll ^ °>EflM-(ANT 1) ^*1 TflN ^ °HflM-(ANT N)» -f-sfl ^llff <g ^ , 

^-71 7}^- *fl\| -S-71 afll ^tim(ANT 1) tfl*l *11N ^ ^q-CANT N)« **fl ^ 

*M 71 Sll- 7fl^H?!:4. a o V 7 1 pfle^ 711^71(423)^ ^7} 74 Ell- 711^* *fl 

Euclidean distanced A ]~§-t!:tl-. 

°l 5 d °-3., ^71 nflH^l 7^1^71(423) fe- ^"71 ^7H1A4 ^A]^- ^ ol^ H.S 7 >^?V 

Alfl^s-ofl cflsflA-1 Euclidean distance* Tfl^^l- 5- 74el ^^71 (minimum distance 

selector)(425)3 #^tr4. #7l 74 el ^71(425)^ ^7} v\)^ 7\]#7] (423) °1H #3 

Euclidean distanced # 74 ell- 7>*1 ^ Euclidean distancel -^^*>ZL, #7l 

tb Euclidean distanced *fl^>^- *jli wlHl -#7l ^^7HH ^a|*v ^m. «lHS. 

^H/^H ^^-7l(p/S: Parallel to Serial Convertor) (427)5 #3ftH=r. #7l ^ 74el 4j 
^7l(425)7V 74 el# 7fxl^ Euclidean distanced Sfl^Hr 3iL HlHl ^*J^ nfl A}-g- 
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§>fe <£uIBl#(algorithiiiW*r tHr3 ^Jl^^ol ^fl^ ^ ^7H^ w] ti] <£lL 

£l#(Viterbi algor ithm)-g- a>^-*Vc}ji 7}^7]S. th=h SL^r, ^7} <^jis]## A]~g- 

*M ^ 7^ Si* 7>x)^ ti] HI- ^#«flifl^ 4^ ^1 ^7} Vahid Tarokh^h N. 

Seshadri^-, A. Calderbank7]- 1998\fl ^Q^t IEEE "Space time codes for high data rate 
wireless communication: Performance criterion and code construct ion, ^-MI^Ml -M^^l 
o] ^{0£S °$7)*\^ H ^ltr ^^>7lS fltf. <^7H, #7l ^ 7^ ^Efl 7 ] 

(425)^ #7] 7}^- a^a- ^^7l(415)oll^ £€■ Al^^l-ofl cflSfl>H 7ls}# 7}x] 

Euclidean distanced Sfl^Wrfe «1B* ^^*>S.S. f o_g_ P7fl^l 3jJ£ «lSt, 

^ a.a, d P |. #^*V4. A o V 7l ^H/^l ^«r7l(427)^ ^7l Tlel ^7) 

(425)^1^ #^*V P7fl^q 3il wlH#^- ^11 ^IfsH ^ 3Mb1 a^a. a, a 2 ... a P 

<34> ^ ( Aj-71 STTC^r ^7H>H >i^^ W>S1- Qo] ^7)7} ^A] 

^ 3^!*Hr ^-f , 3H<3 ^fl^l ^l«fl iH^Kr « °)^C *\*} ^tf-g: ^171^71 JflSfl 

A-l CfoltilAlE] cl^-4 ^1 ^A] AjJrO} £sj f^*H ^AJ^I- I4t 7M^r o^-fr 
^Ajoii ^s.^- ^ ojcj-. zleIzl, Aj-71 vahid Tarokh^l-, N. Seshadri^-, A. Calderbank7l- 1998 

^ltttr IEEE ^-a^ "Space time codes for high data rate wireless communication: 
Performance criterion and code construction,"^ STTC# -4 -f-^i a]^^^ 

^a] olEflt+sf ^ai oj-Efluf- ^°1 ^.ofl sfl^Kr diversity gain* £* ^ ^cfJl fr^r^ 3l 

Cf. ^, oJo}o| ^ Al^oflAi tr 7flSl ^Aj-ojEflm- ^..«|) 6fl.o^.O S #Al£|i=. Aj^vflo) ^ 
H 3]olEi Wl B# N7flBl-Jl 7>^ ^A] 7 H1A^ Cf^ 7 flSl ^A] o> Eflu (.S^. A}-^}^ ^JE 
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OIO^O] ^ A^H Aj-71 Cf^fil ^A] OT-Efl^O. ^ ^ ^ AVO £ ^Al^ - ^ J± Eft 

^2fl A 1, #71 STTC1- ^>-g-^ ^1^£- i^lH 5 j JL^:( spectrum efficiency)^ 

7)7} \+ol^>cf. 

<35> SfV, #7l STTC# *}-8-*>fe- -f-A] Al^efl^ #7l 3£ 3HH« S^^r 

V^l^N, o]^ Aj-71 EMBf S^SRr y o^°l ## <L>^lM-« **fl ^#*Kr ^ 

£S ^1^1-, ^ ^^1-^ constellation size*- ^7\^f]^ ^r^Hl ^7l nfl^-olcf. c$ 7 ) 

*| , #71 <£S ^j^-i-Sl constellation size* ^7}^)7)^ #7l ^^Hl ^*fl 

^ cflolEi wlH-M ^rf ^7>Al7l^ ^ sl^l o^Tfl aj- 71 s = eflolHl- 

*>fe 5J°1 \+°l*>7l nfl^-^l 2. 5b its/channel use^ 3.^- efl °1 HI- -f #^£.5. 2:^ 

<36> p).*j oVO S _ Aj-7] STTC# ^A]7l^MH 0.^-7}- ^-^*V ^-f cq 

*ll^°ll *11^ ^, 3^1 ^l°j£lJl 91^ *# ^ E 3(wireless 

communication), ^ <i5. Jl^r ^ y o v ^ ^ ^(HSDPA: High-Speed Downlink Packet Access) 

f-# Al^Efl^A^ ^AJ7H1A^ ^Aj^ Ajjr^- ^A]7HlA-i ^#^ C.S ^#*}*1 ^ + 

3^Rr f^-fr ^^JI Sit)-. #7l 7fl^^ HJ-A1 #71 ^ #3 O.S. ^A]S|Al ^ ^# 

71^1 ^A] A]Jr ^ 
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#^Rr 7 A o] A o v 7l ^ ^ljf ^-fl- *fl;*l^Hr ^7>£- Bl^*l(IR: Incremental 

Redundancy) ^>-§-tb4. ^31, #7l STTC1- a>-§-^ ^-a] Aj^Efl^- ^a] Aijrofl tfl^ 

^(puncturing) 7fl^S)<H #7l ^7>£- 3} 3 1*1*1 hJ-ai^ ^ ^ 



£ t^S] STTC1- A}-g-*}^ O]^ -g-Aj Al^EfloflA-l dlolBl ^^l-^- ^"^ 

Sj-^ C-flolBi ^A] * a^^. ^ ^ofl ojcf. 

^ ^-^^ STTC* ^}-g-^ °}%- #^1 ^a^H cflolEi ^ ^ « 0 > 

S STTCl" A>-g-S>^ oj^ ^A] Al^EfloflAi Cfol^AjB) o]S. 

* -fM^Rr HMEi ^ai ^ ^ *fl^«fl SZrf. 

^r3£r STTCl- ^r-g-^ #^1 aI^^H r^ol^AlEl ojs. 

-8: -rM*r^ trellis termination ^1 ^ w o v ^* afl^lH $X^. 

^71 1> ^r^l-^- ^^>7l ^tr ^A] ^1^; M 7flS] ^A] oJe,^^ 7^- 

^ ^l^olH ^ ^°ltH^^ 7>^1^ C-lHEi #A1 ^ofl olo^A-1, P7fl^ 

^^V^, ^J-7i ^ ylH<ii-^: *M ^=)<H 33 ^ i=f 

5- #^*Hr M7fl£] ^ 
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s 43^<I1- *1b] *VM-^ €**H ^71 M7fl 

<42> #7]^ ^l-fr ^*>7l £ ^A} ^1^; ^A] 7 HH N7fl^ #A] oj^q. 

# ^ ^13^ ^ ^ M7fl^ <t>Efll4l:# ^ffl ^Al*>^ o]^ -f-A] A] 
2)cfl nW«HE] 7>*l*r C^olE^l ^Al ^ofl flo^, ^71 M7fl^ ^A] 0> E fll4 

# ^4 ^^M, #7} M7flSl ^A] oVEfll+l-ollA^ #33^^ ^A] Ajlg^-g. Ol3}^ ^ 

^33<H 91^ 33 ^ <}^H1 4^ *1^7± ^liEL^Hfr P7flSl 

, ^71 P7fl<>] ^oflT-i #?^Kr ^ tijHt^-i- c 13 £2: «<H}iL5L #2S} 

^ ^2: ^^1*^ #^*Hr M7fl^ ^i7lf4, ^"71 M7fl5l ^Al 0>Efll4-i- Z]-Z]-^ ^^5]^, 

-S-71 M7fl^ t^7l-i-olH #^*Rr ^2 ^-Z^ofl tfl«fl>H D]^ o^^o) 

^>M-^ ^ #^*Rr M7fl<2] ^^711- 32f, ^71 M7fl^ ^^7l#o)lAi #5^Kr 

^2: Ajrt<gS.ol Aj-y] ^ ^% 7 ]6H*\ ^ ^fl^4 ^^^V ^-g- ^-Sfl ^Als^-g- ^ 

-f^ 7>A G > *fll=| #^4, Aj-71 -A] A^cg^ 7}7]JL Aj-71 ^Aj^oflA-] ^A]^ ^A] Al^S. 

# 3#*Rr 43^1 ^#7]# i^-f-g; 

<43> ^7]^ S-^^g- ^^>7l ^ ^Al tf^*.; M7 flc>| ^A] o> Efl u|- 
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TT 4^4, M7fl^ ^2: ^^Hl Cfl^ PIS] #2: 

I" ^41- **fl ^Slfe ^ M7H°1 ^A] 0> E flu}-l-^ -g-sfl ^Al^ O]^ ^-Al A] 

a^o)H 3^ °lft 7}^^ CflolE^ ^A] « 0 >^oll oJoH, Aj-7] M7fl o| -A] oj^m 

1-oflAi ^Al Aj^<gS.^. Oji^H *fl^ ^8>^ -4^, Al-7] ^Aj7loflA^ ^A] 7 }±=- 

*1 ^-S- ^ofl cfl^B ol^ ^ Cf^Alofl Al^# 

^*]3 *|-q-3 l^S A]^^. 3^31}-, Aj-71 ^o] £ §>143 ^ Al^ol 

Aj^s-oi Aj. 7 i *H\£ ^4 ^fl^# ^ ^^l^ii* ^4-3 7}Aj- *fl^ 

f^4, A 0 V 7l ^A] Al^cgS.^ 7}7]J1 Aj-71 ^^17H1A^ ^Al*V ^A] Ajrt^-S-g- 3 #*Hr 4^ 
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<46> £ 5^r ^ i^HHH^ 7^* ^*J^>7] ^ *V A] eefl^ i2=(STTC: 

Space Time Trellis Code, °]*} "STTC"^ $*}7}3. tr^r)* ^>-g-^>^ &<&7) 7]]=^o. 

< 47 > Aj-7i £ 5 = %v s ^ ; ^ P7 flo| ^ cflolt^ wl B( informal ion biOl: di d 2 d 3 ... 

d P °l #71 ^^1715. ^-71 <g?^ r-llojEi a|Ef d a d 2 d 3 ... d P £r 

Cr#S?-7l(MUX)(511)S ^=14. ^"71 r4#5r 71(511)^ ^7} t-flolEi d x d 2 d 3 ... 

d P 4 "0000...."* <3^*H i=r^s|.*V 3f. ^^/^l ^€:7l(S/P: Serial to Parallel 
Convenor) (513)3. #^t}. ^ 7 H, aj- 7 1 ^s\-y] (511)7} ^7} ^iL ^o]Ei# di d 2 d 3 ... 
dp3f ^ HM&ll:, ^ "0000...."* t}^s}-SH zl o]-frir trellis termination* 

^r s ^>7l ^^A^olr^-. o^H, Aj-7] ^$1-71(511)^ trellis termination ^-Br 

^o1h.S ^7lA^ zl Aj-^ltb ^* ^^*>7lS tVtf. 3E*h Aj-7] o]^i(index) Pfe 

A J"7l 3^1 7HH ^A] A]7i ^oj-c]] ^AJ^- ^ C^ojEi UlB#^ 7fl^# q-EHfl ^ , #7l 

^ 3^1 ^(symbol) ^ f-o] Jg ^ 55I cf. Aj- 7 j £«:7l(513)*r #7] 3 

iL dlo]E] HlH* di d 2 d 3 ... dp* ^1 €Sr*M ^ ^U < eI^t:-1(encoder)(515-l) ifl*l 
^PtlSD|(515-P)S ^, #7} 3]t/^t ^^-7} (513)^ ^Ji HHeI *1 

— di* *fil<?]i2t:t(515-l)3 #^^>il, of ^ a}o S tgig t^s} ^ cflolE^ h]H dp* *flPtl 
3Dl(515-P)S. #^tf. 2^, Aj-71 ^l<?lst:-1 (515-1)^ Aj-71 ^ISL r-flojEl wlH d 
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1# «a3*H STTC <y^^ ^-2.3. 0 J^iV ^ X| 1^2:71 (modulator 1)(517-1) iflX| XlM^2 
7l(modulator M)(517-M)S #^4. <^7H, # 7 1 M£r #7l 4^7H 5^ 

^ ^^uj-i-o] 7 fl^# q-Er^^f. A J-7] X|PSl.2cK515-P)fe- #7l ^Jt c-flolE] a] 

B dp* <a^*H ^-71 STTC »o v ^AS <y^^tr -f ^71 XI 1^271 (517-1) ifl*] XlM^ 

27l(517-M)3. ^"71 XllSlSCj (515-1) Lfi*l X|PSl.2cK515-P) ^ ^2^ #7l # 

Hfl 7l# -^£-°lH £ 2 ^ ^Sf 7H£1 ^7H^- ZL ^^7] 

ZLSlZL, ^"71 X| 1^271 (517-1) xfl^l XlM 1 g27l (517-M) AA^r #7] XU^l 3C| (515~1) 
vfl^l X|P*1sdK515-P)*1M #^tr ^IS* pie) S^tt ^2 «<M AS <£2^> 

°} ^"71 XI 1^271(517-1) tfl^l XlM^27l (517-M) 4^ °J ^ ^1 ^ ^l^l-°> #<>1^ 

^ ^. ^£ -a-A>*>s.s. ^7lA^ s& 7 ] XI 1^271 (517-1)1- <U ^^}7)S. trcf. 

^-71 XI 1 £27l( 517-1 )tt ^-71 XI 19l3.tf (515-1) vfl*l X|P*].2cK515-P)<M #^tb 41 A# 
3*H 7R>tr * #7} XI 1^27] (517-1) 7> ££sqfe oVEflu}-, ^ XU4^1 ^flu)-(ANT 1) 

°fl 3-§-£)^r * ^2 «J^H1 ^-§-*>7fl ^2*V ^ XI 1^^-71 

(Puncturerl)(519-l)S <>M>M, #7l ^2 ^^.S^ BPSK(Binary Phase Shift 

Keying, ojs} "BPSK"5r $f>}7]3- ^tf) «<M-4, QPSK(Quadrature Phase Shift Keying, <>l*r " 
QPSK-ej- 3)*}7l5. W) ^cM^, QAM(Quadrature Amplitude Modulation, <>l*r "QAM"°1 ^\ 
7lS. ^Vt\-) ^sj-, PAM(Pulse Amplitude Modulation, °l^r "PAM"°lBr ^*>7lS ^cf) 
PSK(Phase Shift Keying, si*} "PSK"£f ^^7]S. ^ *§-3\- ^ ^2 , 

<#7] £. 5<tf*\& °j2clts] 7fl^7> P7flo]o S 2 p -ary QAM y 0 v ^-8r ^-g-trcf^. 7>^*>7lS. 
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<49> a o v 7 ] ^1^271(517-1) ifl^l ^1M^S7](517-M)^ ^2^ £2 Si vfl^l S M # 

^U^i^^l (519-1) ^*1 ^lM^^KSig-M)^. #3tr4. ^7H, #7l ^1^^-71(519-1) ^} *fl 
M^^7l(519-M)^r #7l ^11^2:71(517-1) ifl*l *HM^27l(517-M) ^zHH ^1^1- < $^ 

v\c$ Dlsl ^ nfl eg} ^(puncturing matrix)^ #-§-*Ml ^ ^U#4l ^ll^- 

(ANT 1) tfl*l ^lM^^l ^Bllul-(ANT M) -f-*fi <^H(air) #°.5. #4lW-. 

^7} ^11^^-71(519-1) vfl^l ^M€^7l(519-M)7> ^7} ^ nflE^ofl ^ ^7} ^1^2:71 

(517-1) ^fl^l ^lM^27l(517-M) zJ-zHM #^*V ^2 ^^1: Si ^} S M # ^*Rr -4^* 

<50> Gj ofl^ ^Al7Hl ^l^H °J:Eimi:5l 7 fl^7} 27flolJL, ^7] 27fl^ # 

a] oj-^m^o. ^ ^ ^ ^o> 47 flo} ^« (symbol )l-ol ^a]^c}J1 7>^*>^ ( *>7l 

<51> r l l l Oi 

1] 1 L 1 O 1 ij 

<52> Aj-71 loflAi, P T ^ ^ nflB^il- M^l^H , ^ ^ nflE^2 P^l^ "1 

(column)^ #41 ^ 41^ M-eMH, ^(row)^r #41 ^IM-l- M-E^t}. #7l ^ 

* ^S^H (element) <^£)^ ^2 4311-8- &JL ZLtflS # 

71^ ^ n| ^ , ^S^H "0"^ ^ ^ ^1 ^ £2 4M# ^^f°i ^Tj^H >£2 

431^ #4l*f*l ^-S- sl^lW. ^r, #71 ^ nHH^i P^H ^ ^chIa^, ^ 

^fl 43^ ^7_HlAi^ *fll^4l o>Eflu|.Sl- o^sl *fll>£27Hl*| #^£l^ ^2 43^, *fl2 
#41 °J:3li~Ml <S^€ ^12^27H1^ #^£l^ <£243 l li*- =lt%3, #^1^. ol^ ^ 
71 €^ *m^i P^H ¥ 1^1^^, ^ ^ ^ ^ ^^Hl^i^ ^11^41 ^HllM-Sf £ 
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27HH t^ifr ^2 43^^r ^^-^Cf. ZLHlH, #7] ^ nflH^i 3 ^ 51 = 

eflo]H(code rate)7j- ^7] ^ Dfle^i ^-§-§H ^-M wl^^tifl ^7}^. ^ 

4^^r ^7}& e)^^Al(iR: Incremental Redundancy) ^ ^ ^a] ^ ^ 

O] $X°_vl, ^7} ^o\] ¥-7} *$iL±± ^7} STTC1- Af-g-^ o]^ ^-A] 

<53> cf^§-o.S ,£ 6* 4rS*H ^-7] £ 5^1 Ai STTC« a>-§-§>^ ^a] 7 1 ^2:<^1 #-§-*r 

^7) ^21 ^^^7]S 

<54> Aj- 7 ] £ 6-^- S. 5^ ^7lofl AJ-^].^ ^A] 7 1 7fl H^^ o. S £^ol4. 

<55> AV 7 | c %2^>i3, ^A]7lo11^ oH^Aj-^^ ^Altb ^151^ ^"71 ^^7)0) ^a] 

<^Efll4l-S ^A]5lcf. ^71 £ 6<>lH^ ^ ^>Efl 141-oj N 7fl olcf^l 7>^^7lS ^Vcf 

. ^-7] N7fl5] <£l])^ Z^Z)-^ oHcHAj-O.^W.E-1 ^A]^^ A]^^ ^El^Cll, 1^ 1 ^ 

^1 ^Bfl^-CANT 1) vfl^] AflN ^ °Jr E flM-(ANT N)# ^£ ^IJi^ *m ^7) (channel 

estimator)(611) ^ ^lB^ 7}] A>7l(Metr ic Calculator)(615)S ^i^t}. a o v 7 ] ^ ^7) 
(611)^ afll ^ 9i^li4(ANT 1) ifl*l *flN ^a] o> E ^m-(ANT NHH #^tr ^1 31-1-8: 7>^ji 
^ ^jtr ^ ^- Afl^ ^ ^41- hypothesis(613)5. 
<56> *V^ i 7 >^ Al^ ^^7l(Possible Sequences Generator) (617)^ A o v 7l ^]7H^ 
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^■9\ Al^^g- ^^jl, ^7} ^^*V Al^^l-g- ^lcf^Sj-7] (619-1) ^) XlP^sM 

(619-P)S G$ 7 ]*\, ^-7) 7>^ Al^i ^^71(617)^ ^"71 #^7HH t-fl o] E-) -g- 

^A]^ cf^ 7 > P7fl^ ;§iL ajBlrol^S., P7fl^ ^€ 7Hr a d p ) 

« o]^7l] 7 p=- Al^^l;^ P7 fl^ H] HI" #7l ^11^51-7) (619-1) 

^*1 ^lP4^Sl-7l(619-P)S ^^£1^., ^"71 XU4-^Sr 71(619-1) ifl^l XlPc^SM (619-P) z}-^ 

^ ^7l 7>^ ^^ 7 1( 617 )^«. E ^ 015^- UjEf tf^Sj-^ ^ XU^iELDl 

(621-1) tfl^l ^lP<y^ci(621-P) #^*VcK ^7l^ ( ^7] ^llcf^S)- 71(619-1) ^*1 Xl 

pcf^s(-7l(619-P)^ ^-71 £ 5^1 tJ-^Sl-7l(511) ^r^r ^°1 trellis 

termination* 4^5f *^f* ^th^. ^7} A 1^^^(621-1) tfl*l XlP<?]52r;-l (621-P)fe 

^"71 Xl 14^71(619-1) tfl^l ^lPcf^5}-7l(619-P) ^-^HH 0 ^3^r ^"71 5L 2°])*] 

^^*r ^ STTC wj-Ai o.^ * XI i^S7l (623-1) ifl*l XlM^2:7l (623-M) 

£. #^tr4. ^"71 XI 1^271 (623-1) ifl^l XlM^2:7l (623-M) #7] *\}l9l3.tf (621-1) ifl 

*1 XlP<yi3cU621-PHH Hlm## ale) ^2 y o^AS t£2T5H 

^1^7} (625-1) tfl^l XlM^^7l(625-M)S. #^th=r. ^7H, #7l Xl 1^271 (623-1) Ml*l Xl 
M^27l (623-M) °1H ^2 »^^r #7HH -i^tr w>^- BPSK #*l*r, QPSK ^ 

4, QAM u o>^ 4- , PAM y J-^^f, PSK ^ ^2 # <^ , 

^-71 £ 5^1 XI 1^271 (517-1) vfl^l X]M»£2:7l (517-MHH £2 «<H1<>1 2 P-ary QAM 

^ol^s. a o v 71 XI 1^271 (623-1) tfl*l XlM^27l (623-M) ^1 #7l 2 p -ary QAM a 0 v ^-°5. 

. 4-7] XU€^7l (625-1). vfl*l XlM^^7l(625-M)^ #7] Xl 1^271 (623-1) vfl*l 
XlM^27l (623-M) <H1a-1 #^*V #7] S. 5^1 XU^^7l (519-1) ^*1 XM^-71 
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(519-MHH ^m^^^ ^fjY ^ nflB^^ofl #-§-*>7fl €^r^ #7l 

hypothesis (613) 5. #7l hypothesis(613)fe #7l ^1^^-71(625-1) vfl*l ^lM^^l 

(625-M) zJ-zHM #3tr #S#4, #7l *m ^7)(611)«H1>H #3^ ^ M 3 
f>}jL, #7l ^1^^-71(625-1) xfl^l afllMl^l (625-M) zJ-zHH #^tr ^Is^-S. ol^-^^l *1€ 

^7} #7l *fl^ ^ -§^*V *fl^-g- ^ 7># *im #^-g- 49#«H #7] Pfl 

^ 7||<+7l(615)S #7l *flB^ 7fl#7l(615)fe #7l. hypothesis (613) *(M 

7># sfl^ #3-4 #7l *fli ^ o> Bfll 4 (ANT d ^ *fl N ^a] o>eiim-(ant N)«- -S-^ll ^r#£ 
#3L-I-g: ^^^i, #71 7h# ^ #7l 1 ^a] o]-Eflul-(ANT 1) -ufl^l ^1M *>£ll 

M-(ANT N)# f-*ll 4^1^ #«7_>Sl 71S11- 7ll#*>Cl-. «>|7H, #7l nflS^ ?H#7l (615)^r # 
7l 7lsl# 7fl#^- nfl Euclidean distanced ^j-g-^rq- . 

°l 5 d #71 nllH^ 7fl#7l(615)fe #71 3^1 7HH ^A]ig- ^ ol^ S.S- 7}^ 

*)^\_^^°\) cfl«fl>H Euclidean distance* 7ll#tr 3h ^l^i 71^ ^^71 (minimum distance 
selector)(627)5. # 7 1 ^ ^ ^^ 7 i( 62 7)^ # 7 ] ^ebj 7ll#7l(615HH #3 

Euclidean distanced # ^± 7l&|# 7}X|^ Euclidean distance* ^d^*>Jl, #7l ^U? 
Euclidean distanced sfl^r^ wlH# #7l <£#7HH ^il t>lHS 

^1/3^ ^«:7l(P/S: Parallel to Serial Convertor )(629)^. #^trcf. #7l ^db Tie) # 
^71(627)7^ ^ Tlsl* 7V^1^ Euclidean distance^ sfl^}^ «1H# %%Hk H 

^^(algorithmHl^ <g3LZ\&&o] + ^0.14, c^H^- <£ji 

sl^(Viterbi algorithm)^- ^l--g-*>cfJl 7\^f>\7}^. tr 1 }. 

^714, #71 71 Si ^^7}(627)^ #71 7f^r Al^i <*g#7l(415)olH S€" 

Al^^#<Hl tflsfl^ 71 si* 7>^1^ Euclidean distanced afl^Srfe «1H# ^^*>S. 
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^71(629)^ ^-71 Tjs] ^1^7l(627)o1lAi P7fl^ HlH-M: 

<60> Ziei^ O^H Aj- 7l £ 5 ^ £ 6 o,] A -l ^A]7l ^» £ ^ 

<61> ^Al 7 l^ 2 7l| Si #^1 oVEllM-S.^ ^Ul^Jl, ^A] 7 )^ l7 flo} ^a] oj-Eimi- ^tfl*} 

-H, A oM #A]7i^ #S a ^-!Ai BPSK «<Hl-g- A}-g- fVtfzL 7>^3r>7lS tb4. STTC^r ^ 

^>(ol§> "constraint length"^ ^^7]S. K7> ^7>§1-^ ^-f <H1 &| (error )^1 ^^7> 

#7l-*Vr4. ^417H1^ ^a] a}t* PflH^ ^(symbol matrix)* "O'^-JL ^*H, ^ 

7HA-1 ^.^7> ^ ^ *flH^# "E"5}Ji ^1 nflH^ 

(error matrix) "B"^ *>7l 2^- £°1 

<62> [^*)-ai 2] B=C-E 

<63> nelJi, nflH 3 ^ AS BB H &)-Ji(A = BB H )^^1*>J1, ^7) <&*\7}9) ^\M^o) 
3^ ^ ^-i- 0 l ^-U^tl 7>-fAlo>( independent gaussian)^S (model ing)€^ 

^a] Aitf uflE^i C7\ Aj-71 4^ lS§li E3. ^"Ir^r 

*}7l ^flHJ 34 ^tf. 



<64> 

V 

P(C ->£)<[ ~~ 

3] 



Ml 
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=^*H 3°1H #7l nflHSJ^ 7jl^(rank ; o]*> "rank"^ %l<5 r 7]5. tW« 

M-E^-iflji, A j^- #7l nflH^ i^^flS. €• -H -^(eigenvalue, °ls} "eigenvalue"^ 
7}S. tbcf)!- q-Ej-iflnl, Es^r #JlS>1 ^lM^l (energy)* W 3 !, N 0 ^r ^(noise) 

o] oim^l- t+E^tf. <^7H, a o v 7 ] nflH^^ A^ ranker #7] nflB^i BS1 ranks* 

#7l 3°fl M-Bf^H «>Sf ^-o] a o v 7 ] uflB^i h&l *$EL, ^ x7\ d\]v\ eflo] 

H( symbol error rate)!- ^-§-^"1- 4 1 &*=r. #7l d)]e5Ja A o} ^ 3 T 

# ^l^lE} o] ^-(diversity gain)°l^ , ^7} 7\ 3.^ ol^-(coding gain)<>l s}^ ?M 

cf. tHS, #7l ofla] uflee^ Btt ^71^ #a] oVe^s. ^ *|(row)^: 7}7] 

^, #71 cHje^ zjo]^ Aj- 7l ofl^ nflH^i^ Kcolumn)^ ^# ^nltr 

#7HH 7>^tr w}af *^l7l7> ^ BPSK H o v ^^r ^-f , 7># §3- 

£■ °flsl^ #7] constraint length ^^§>cf. nelJl, #7l STTC^ ^-f ofle] nfle 

^ B^ 2^ rank(minimum rank)7> tH^-M^l -^^^V^^ # 7 j ^ 7 }+ 

°*H ^a-tr Vahid Tarokh^f, N. Seshadri^r, A. Calderbank7> 1998^1 IEEE " 

Space time codes for high data rate wireless communication: Performance criterion and 
code construct ion, "<H1 7l*fl5H £>tf(v a hid Tarokh, N. Seshadri, and A. Calderbank, "Space 
time codes for high data rate wireless communication: Performance criterion and code 
construction," IEEE Trans, on Info. Theory, pp. 744-765, Vol. 44, No. 2, March 1998). H 
€31, ^^MSr ^°1 ^#7HH Al^s-^. £l^ Aj- 7 | o\)e.] nflH^i B 

<*JH #7} ^7><H1 *fl^>^ ^B(element )7 f "0"°-£. cPHsItt Jl^t* 7>^^c)1 ( 

#71 ^al^H7 r "0--2.5. tflsfls]^ 3£r #71 oflei d|e5]a B o} rank# #^l 7 l7fl fltf. 
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<67> ZL&lTg o?7H ^>7l 4^ ^ oflB) nflH^i B^l 7>^*>7lS W. 

<68> B=T -1 ° ° 1 1 

[^tj-i] 4] 1 L o -l o -lj 

<69> Aj- 7 | 4Q\. 6\)Z] nflH^i B^l ?>}7} ^r*H 5^ ^ €^ P P # ^ 

-8-Al?l7lS. tb^. 

<70> p rlllli 

5] P L 1 O 1 oj 

<71> #71 <Hlei nfle^i Bi^l ^"71 5^ ^ nflH^i P P # 3"8-*M^ <5>7l 6 

4 <H1&J nflS^i B2 7|. ^-Aj^cf. 

<72> B r - 1 O O -li 

[^*j-Al 6] 2 L o o o oj 

<73> AT- 7 ] 6 ofl ufB]-^ ofl&l nflH^ri B 2 » i^iL^ =L rank 7}- loj 7^ ^ 

9X^r. ^"71 oflei oflm^ B 2 °lH *fl2«l£- ^s^Hl^l 0°1 rank7 r lo] H)**), 

ojS.^- ID) ^rf. a > #7]ci\)*] 7>^tt ^4l7HH ^A] oj-^q. 

» 1711 A>-g-§ ^-SjL tfol^AlEj Ol^-ol lol 5)31(^7}^^ Aj- 7 ] TZ]-0] B] A] E} o]S.o] lo]^ ^ 
^A] cfolt^AlEl 7l^ol 3-g-jqxl ^o. ^ ^^t]-), #^17H1^ ^A] T^-olHlAlEl 7^ 
-§- ^-g-^H ^^St^JE Ir^Jl ^"71 7}^- 2§-^CL3_ CfoltHAlEl o)^o) £ 

^H^f. o]^7fl cfojalAlEl ol^o] ^s]^ 3}°. STTC* A>-g-§>^ -g-A] a]^o] 

<74> ZLSfl^ cflolE^ ^7># ^SjTg-ofl olc^A-] cM^AjE] oj 

# -rr^l sKE-S. ^ nflB^^i* ^1] ^tt^ - ^-7} 5. 

5^1 1°H^1 -g^^r «r^- ^ €^ n UH^ Pi<>1^. <*j7H ^7) ^ *flH3^ 
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<75> = r ~ 1 00 ° 1 

7] 3 io 00 -lj 

< 76 > ^-71 ^tJ-Ai 7^1 M-E]-^ ofle^ nflE^i B 3 # #3^^.^ =1 rank7> 27} ^ *r 

9X^. d\]z.j nflH^^ B 3 °1H *fli<g *fl 2 <i "1"<?1 ^&)^H7V ^fl^KE.^. ^ 

rank7> 27} 5H , ttf^A-] cfo]^AlE] o^*- 2 7> ^cf. #7HH 7>^*V 
6\}^\ ^A] oVEfll^* I7fl A>-g-^- 34. Cfol^AlEl o]^£- ^ njjEgJ^^ ^ 

* ^^*>7fl 27f Si AJ-7I ^ ^AJiL <y*fl Cfo] t^) A] S| 0IS.0) ^o] ^ 

*1 HelJl, ^7l CfoltfME] °}^^r ZLCflS 7H^Ain tj| o] B\ &&&& ^7>A] ^ A) 

^ ^7T* ^Aj-^lfl4^ °1^* 7^4. 

<77> M- ^\o}^. Aj-7] ^ nflE^o] A}-^^ 

7> ^T^JI, *fll4^! <$n^2] vi) <i^l Aj^^. ^<5>i=. <%x\ 7 } 3,4-5}^ Al^o] 

^ $1*1 7> ^M^S ^71^ «l^o>7>^A^ ^I^tt ?M4. 

<78> o^aV^j ^ A] 71^ ^A] o]- Efl q.S.^. 27 fl ^Wl^- ^ ofl&| DflHgJAo,!^ rank7 l- IJeL 

#°i^-^r ^-f ^ ^7l <>fle| nflB^S] t> ^^^H^-^l "0"* 7>^li£^- igsKr ^ 

*]; ^olES-ol £ if ^T^flo):^ ^-Cf. O] ^ 711 , -^71 

°fle1 nflB^^^A^ *V ^sl^B-i-ol s.^- "0"A5. ^^-* ^l7l^>7l ^sflA^, ^ 
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A°\ 7\tt 3£r ^ ^^ti^ SEt>, ^-71 ^1 ^li nflB^i^ 7} 

^ ^rS. ^^■■5}a] aJt* ^-g- ^sflSl <t*M^H#°l -0"^ 7>xlxl qojsi 

e|o) ^^j-JE^- *flo>n]- *>Cf. ^71^, Aj- 7 j ^ nflH^^^ 1^ ^7>*1 7)^ ^ 

constraint length K# ^7^1 ^4 ^ 11*1-4. 0.£\JL, ^ 43 ^ ^flM^^^I ^# zfzHl 

*1 7>^*V 3£r ^ 43^1-# ^^*>7l ^*IH^ lf-^ *V 4^1 ^Bflq-o) ^A] /j^tn>|. 

^ €^>^°> T ?> tbi=r. l£tr, ^-7) ^5] DflH^i^ ^-71 £ 2*1H ^-o] aj^ 

^f^^ (generator polynomial, °1*} "generator polynomial"^ ^j^MS. tr 1 ^ ) C H1 ^^^ Q ]7] 
nfl^^l ^ nllB^^l- ^^«fl £M 3^113: generator polynomial^- ^Sfl 0 * 1 ?!: th=h 

<79> ^ 7 )^ ( ^-7loflA^ 7>^tr «>^f £ 0 1 ^7l7> 27fl<2] ^A] 0].^^^ ^til^Jl, 

^4l7)7> l7fl£] o>^q-» ^til*>J7 ( <#7] ^7)^ ^ O.S BPSK «o>^# A>-g-^- ufl 

7}^i& 3.^ fflS?]±t3|- generator polynomial^: :n.S^><^ is}7) & 14 ^ sflU 

<so> [S. 1] 



Number 


puncturing pattern 
(1: sned, 0: puncture) 


Rate 


Rank7h 1*] <H|s|£| 2|i *H 


K = 4 


K = 5 


1 


1110111011101110 
1011101110111011 


4/3 


13 


16 


2 


1111111111111111 
1010101010101010 


4/3 


7 


10 j 


3 


1111111111111111 

' 1 0 11 1 0 i 1 1 0 111011 


8/7 


13 


16 
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<8i> #71 3. rank7> l°l ofle] zjoj-l- 7 >^^ ^ sfl^s-^- ^Bj-tfl^cf. #7l a 

tb ^ ^HllM-^l^ ^71^ 0.3., ^ tb ^ £3 tb 1 ^ €^Rr sfl€ 

^"71 ^ sfllg 3 ^ ¥ 7fl^ ^A] o>Efl^^Ai #^5^ Ajig # - <y<2]<Sj tb ^ ^1 

i-HH #^3^ 4] W?b-fr ^71^ ^ Afl 4]« ^ tb^ €^Kr sfl^oi^. #71 
^^>7>^^ ^<sKr rank7> lo] Sj-^ ofle^ ^^7> 13 ^ 163)- #7>^-§- 

#*H«Hr Cl ol^Al7lS^- *>7l nfl^ofl rank7 > #^5)^ ^ ^ ol^ 

*1 , #7l ^a] o>Efl q-s-ofl a-1 <£41*Hr tj-cq ^a] Al^Voi h^joj (f ram e) o] 13 ^ i 6 ^ig 
3- ^€ % + , ^7l ^ sfl^ 1-g- ^-g-*>^ rank7> ^7^ ^ 5^. 

<82> SE.tb, constraint length K7b 4°1 JL (constraint length K = 4), 3fl€°l #7l 

3. 121 ^ sfl^ 154 §-g- ^-f a|^al generator polynomial^ ^l^ ^rf. ^7}*), #7] 
^^^1 generator polynomial °1 ^ ^ r}o]«H3 ol-^-|- ^*>^ <$tf DflB^iSl t 7fl^r 
Irlr 2)4: 7fl^7V 13^1 generator polynomial^- H-^r^^r. 

<83> <s|2l generator polynomial (constraint length K = 4)> 

<84> 131 gl= 1 + D + D 3 ,g2 = l + D 3 

<85> 133 gl= 1 + D 2 + D 3 , g2 = 1 + D 3 

<86> 159 gl = 1 + D 3 , g2= 1 + D + D 3 
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<87> 189 gl = 1 + D 3 , g2= 1 + D 2 + D 3 

<88> ^7} generator polynomial-s^H I59$h 189^ ^ 2flH°l 

5. IS] ^ sfl€ 39J 3 -MS. ^H«H3 £^<sHr d|]ebj^^ ^ <g 7 fl 

13* -fM^. 

<89> SEtr, #7] constraint length K7> 5°1 ^(constraint length K = 5), 4^°! 

a 1^ ^ sfl€ l^r ^ ^1^^ generator polynomial^: ^7]Q IkA. <^7l*l, #7] 

generator polynomial^ ^ r^ol^A]^ ofl^ nflE^^ <g 7 fl^ 

1- # 7fl^7> 16°J generator polynomial* ^^^cf. 

<90> <^|^ generator polynomial (constraint length K = 5)> 

<91> 581 gl= 1 + D + D 2 + D 4 , g2 = 1 + D + D 4 

<92> 587 gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 

<93> 589 gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 

<94> 701 gl - 1 + D + D 4 , g2= 1 + D + D 2 + D 4 

<95> 707 g i = i + d 3 + D 4 , g2= 1 + D + D 2 + D 4 

<96> 713 gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

<97> 767 g2= 1 + D + D 2 + D 4 , g2 = 1 + D 3 + D 4 

<98> 773 gl= i + d 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 

<99> 775 g i= i + d + D 2 + D 3 + D 4 , g2 - 1 + D 3 + D 4 

<ioo> 887 gi = i + D + d 4 , g2= 1 + D 2 + D 3 + D 4 
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<101> 893 gl = 1 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

<102> ggg g i= i + D + D 2 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

<103> 949 gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

<104> 953 gl = 1 + D + D 2 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

<105> 955 gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

<106> 959 gl= 1 + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

<107> nei^ o}7H £ 7* %j-2:SH constraint length K7> 491 ^-f^ STTC« *}-§-*>^ -f- 

<108> s. 7£r constraint length K7> 491 €■ ^3 7^^2.3. 

<109> a o >71 c yo. > ^A] 7 )<i) ^a] ^HflM-^ 27flo]ji ( STTC <diS^°iH ^-8-^} 

constraint length 4<>M(K = 4), £2: ^o.^ BPSK 3-§-*r^, ^7]^ ^a] 

^lM-cr ^fle^i 7>^*V7ls tb^r. Sth #7l 27fl^ ^a] <>Hm-<HH ^a]^ aij^]. a-^s. 

Bll^eflo] 5llol^( ra yieigh fading) j^-fr ^ ^ ^ 100% 

7>^S>7lS. generator polynomial^- g 133, ^ gl= 1 + D 2 + D 3 , g2 = 1 + D 3 

o. AV-g-tVcfji 7>^§>§>7lS. *}^, tr 127fl^ ^-^^ 7}^S>7lS ^tf. 

<no> Aj-7] E 7 ofl^ constraint length7> 4, <r stated 7^7} 2>7^9l BPSK-g- STTC 2] ^efl<y 

(Frame error rateH £14. #7] ^ 7fl4 *£a] olEflu} S.^-<*f| ^-g-^r 

^-f(Aj-7l £ 7«flAi »1H0/1011"S. £7l^-)ir #7] ^-8: 3-§-*r*l ^ ^-f(^7l £._7*IM 
"1111/1111"5. S7l^-)<H1 «l«fl Hefl^ <Hle^o] o.l^l *1^4 aeflty 4M-i-o] 0.01*1 3. 
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l[dB]^£ ^*>« «£ ^ $14. ^-^ 3-§-*r 

*1 ^^-^ -^oj*)- =efl<y <*f| 5--J 7>^7l SlSJHfe ^7lollAi ^Al ^-g- l[dB]^£ 

^7>A]^o> ^ ^nltlcf. ^, #7l ^7l7> ^^-_°5L*1 ^ 

-M °l^°lH£r 1[dB] ^o] ol^^ U^-flc}-. ZL^l4, #7l ¥ 7fl 

si ^ <y-EiM s^Ml €^§- 3-§-tr 34-4 #?1 z^si 5.5ll°J 

cfle^^ 7 l^. 7 l^ ^-OjtNl, °l^r #7l ^-g-*>4jl ^le^-H cH«We] cl^ ZLcfl 

<111> aJ- 7 | - 7 fl<^ ^Al o]- Efll 4 n -ofl ^^.*V ^ ^ ^u}o) ^a] oHfluHl^ 

l^TT ^tf-g-^nj- ^-g-<5^ ^-f (#71 £ 7°lH "1111/1010"^. S7l^)^ #71 ^ 

^ ^-g-^l 7^-foii tilsfl Hefl<a <H]ei#oi 0 .l<y *l^olH^ ot l[dB]^£ #^ t^-I- 

iLoljL, ^le^oi 0 .01°J *l3H>HSr 3 [dB]^£ ^ t^}* iL°J-fr 5^. 

#71 ^ 7fl2| ^A] 0>Eim-# ^ ^R)tr tr ^AM^H Aj^^-^nJ- 

34 #71 Hell<y ^S^^ 71^7171- ^ 0 >7l ^^g; ^-§-^1 U^r ^11 °J °H 3 
"£4 7l-ir7l^Cf ^O^aL, O]^ cfol^AlEl Ol^ofl ^o] ufEl-^Cf. 

<H2> £ 8# ^^V^ constraint length K7 r 5°J 34^1 STTC# ^r-g-^ *1 

^^1 ^11715. t^. 

<ii3> Aj-7] £ go. constra i nt length K7> 591 34 l^^l ^^iH^d °-£- 

£^1*1 nsflHolcf. 

<H4> ^7} _£ 8* ^S^, ^7-1 ^A] 7 1^ ^a] oVEljL^^ 27lH ji , STTC 9J^^^1^ ^ -g-^V 

^ constraint length 5^1 ^ (K = 5) , "€2 w o v ^-5-S- BPSK "J-^^- ^-§-§1-^ , ^7}^ ^ 
^^lluj-^ l7Hel-Jl 7>^^f7lS tr4. SEtr, #7l 27flsl ^a] 013)^ a :| ^a]^ Al-g-^ ^s. 
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3flo]^ ^ ji, *n£ ^£ ^ ^ ^^oi ioo%^ji 7>^*>7is. 

, generator polynomial-i: g 953, ^ gl = 1 + D + D 2 + D 4 , g2= 1 + D + D 2 + D 3 + D 

<H5> ^-71 £ 8°fl^ constraint length K7> 5, ^ stated ?fl^7> 167fl*l BPSK-§- STTC ^ ^ 

efl<y ofle^ol si^sH ax}. ^v 7 ] - 7fl^ ^ai c^q. ^(#7l £ 

8<HM "liio/ioirs. S7itr)fe #7] 3-§-^>*l ^ ^-f(^-7i s. 8*IM "liii/inrs. 

S7l^-)<H1 «l«n ^1 e^^l 0.1^1 S.z\)<$ °\]£\-&o] o.Ol^ S-^°)H qh 

l[dB]^£ ^¥ ^i^fl- iL°J^- ^ ^t=t. °l^r ^* 3-§-& ^-f €^§- ^ 3 

^ ^^H^r ^ 1[dB] °x<&^ t+E^-^cf. zieiM-, ^"71 7fl^ ^A] o]-^ 

M- JE-^l €^ ^1-71 3-§-*r*l ^ 7J^ zfz^ = Bflo] ofle^^ 71 

<116> Aj- 7l 3f 7 fl^ ^Al oJ-e^ S-cH] ^^o. ^.g.^ ^ _o <^ ^ ^q.^ ^a] oVEfluf^A^ 

#33^ ^^^l^r ^-g-*}^ (#7l £ 8<^H "1111/1010"^. S7l^-)^ #7l ^-g" 

* 3-§-*r*l ^ ^-f^l Hefl^y ofle^o] 0 .l<y *]3HH*r n 1.5[dB]^£ ^ ^^>» 

iL^JI, sefloj chIe^o] o.Ol^ ^l^HH^r ^ 5[dB]^£ ^¥ T^r* iL°J-§- ^ 5Ut}. 
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<117> tMg, a 0 v 7 ] ofl 4 ii^tr 4^3-71(511)4 4€- trellis termination 

<iis> ^aV^o.^ trellis termination^ 4 #$3. ^ Hefl°J4 44 

uv H.«.oil D 13 alEf n>3- ) oj ofl^ K7fl o} tilH#oi] ^ c-fl o] b] ( nu l 1 data), ^ 0* 

#^4°} 7 A^: 44\E4. ^7}7\ trellis terminal ion-8: **fl *fl<3- Hel 0 j2] 

^Bi^ji, oloi] ^A]7]fe ^a] neflojo^ ^jg_^ ^ $14. o^7l 

4 ^43^ trellis termination^ 4-E- £efl°J £ 91- %^\<^ A ^^}7]S, tr 

4. 

<ii9> a o v 7 i £ ojti>^«y trellis termination^ 4^ ^ lefj i^-i- 7flsf3£.S 

4 S^olcf. 

<i20> ^-71 J£ 9# ^-71 ^a] ngfloj ^njj^ H3H^ Al^i ^a] ^(Training 

Sequence) (911)4, ^J± cflo]E-) ^#(Data)(913)4, trellis termination ^4(915)3. ^p- 

^44. #4 B SIM hi 4^ ^a] ^(911)^ a o i. 7 i ^ai 7 i^ ^Al 7 l7i 2,7] *fl^ ^ 
tr Al^^ 7 > ^Aisi^ 4t z -# c >H, Aj-71 ^ cljojE^ ^a] ^#(913)£r ^*fl 3iL HI 

°l^-i-ol ^43^ Al^-^Vol^, trellis termination ^4(915)£r trellis termination^: $14 

<121> ZL^cfl, STTC1- 4-§-4tt ^a]7HH constraint length k7> 4^ ^-f , <#7) 34 

^ B4 ^ol7> 12*1 ^4*1^ 4°ltHAlE] ol^-o] -f}-444. 444 ^.7) ol]^ nflESJi 
^o} 7r 121- ^44tt ^ 4°1^4^ o)^o] ^Ajslcf. ^, ^a] sgfloj trellis 
terminationtr4^ ^ , 4?1 ^4 ffefl<y z]ol 7 > 12-1- ^ 40]^^!^ o]s.o] ^ 
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^0030004089 #^ °i7\: 2003/10/7 

^s\JL, o}^ STTC^ =efl<y ^ ei ^-g- ^7>a] ^ _S_<?}jL5. ^-g-^. 

7]1 =efl«a ofle-i-l-ol ^7}s\7] nfl^-oj) ^-43 0.3. STTC* ^>-g-*>^ &*[7M*\ ^ 

*\ 7^0)7} ^th 

<122> ZLfrlM-, £ ^^IHfe- >y-7l 5. 5<M -M^tr 4#5|-7l(511)7> trellis termination^ 

^cflolE] ^r, ^1:^^-5. trellis 

termination^- «H^» #<a*Hr ^o] o>qe^ ^iL 3] o] 3 -f-^- #^Kr ^1 trellis 

termination^- ^HH^I* ^tr^. °1S £ 10^- ^^lS. 
<123> ^-71 J£ 10£- *t*$2] trellis termination^ 4^ ^ =efl°J i 1 ^* 7fl^=^o.^ £ 

<124> # 7 ] £ 10# ^-71 ^ ^efl^J i^^r B3H^ Al^i ^ ^(Training 

Sequence) (1011)4, ^Ji ^H^l ^a] ^-^V(Data)*(1013)(1017)(1019)^- > trellis 
termination 1015) (1021)5. ^^^cf. #7l BelH^ ^a] ^#(1011)£- ^7} 

^71^ ^7]7l 3^7] Beflo]^ ^S]^ Al^Tj-oj^, ^y) 

^ z f L ^>l:(1013)(1017)(1019)^ ^1 ^2L ^o)^ci\ Al^o]^, trellis 

termination ^^M- ( 1015 )( 1021 trellis termination^ 3)% >t HH^} ^413^ 
cf. s&7] S. 10°\) SA]^ v}2± £0} 2. ^ofHfe trellis termination^ ^ dM^-fr 

^bVchi <^l:^o.s. #<y*H ^*rfe °>M^ ^ii 3] o] Ej ^^>^ 
^r°Hl #«a«H ^tr^. ^, constraint length k7> "K"5}ZL 7\^\n, #7} STTC^l 
^7l oflEi nflEiji B o^ rankl . X\^ t ^ ojs.^- £^i5}7) 
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1 7fl^7> q^JL 7}^\^, ^7} cf ^7) (511)^ q " K /fS] ^Ji Bll-g: 4^1tb K~l 

7 flsl ^ 3M3*-a- 4^1*Rr ^7} tl-^sj-* ^cH*v^. 14?]^ ^-71 

^^7l(511)^r ^"71 H lOofl -S^SH ol^ ^a] ^efl<y ^oj) 7fl q - K 7fl2] ^iL cfl 

°1 ^ ^ K-17HS1 ^ dH&l-i-g- ^*>Jl, t+A] q - K 7flsl ^Ji 3M£l-I-g- ^ 

tb ^ K-I7fl3] ^ ^1°1B^^- ^Efl7> tff^Hfr 3H^T. 

°^ , ^-^<HlA^ ^-o] J=Lo} a£L Eflo] S ^- Rolej-JT 7>^^ ; a o V 7 ] Be] ) 

*1€^-I- afl^ Hefl^J ^ol§ loI^zl 7H3th=r. ^\ ^^^o] trellis 

termination^- ^-§-^r ^-f ^ S= ^HS^l 

Rtifl ^ ^7r*Vcf. zl^i4, It^e] trellis termination^- ^-g-^" q -K 7fl^ ^ 
H t-lHEi-i-l; *4ltb ^ K-I7fl^] ^ dH^#-§; ^l^l nfl^-oll ^-^^ 

L 

trellis termination^ ^-g-li ^-^-iLtf CQ-D*Ck-i) 7fl^ 41^-^ & ^^}7]} S\JL, v%?\ 

R-CKL-1> 

Ai .3 = eflolH^r Cq-D ol ^cf. isJE. ell °1 B ^o\]a] £^o) ^^}7}^ v}*]^ 

^-^^1 W-^ trellis termination-i- ^ ^^l^lofl^i «$~ti*rfe 4^ ^1 

o.^^ 3} o_ ^) ^ 4LS:tfl ^--g-ti] (SNR: Signal to Noise Ratio)!- 7}x}±r ^ 
A o v * 7>7^^cf. rank!- 9i7l a]^>^ oflE?jA B o) <g 7 H^7> q 7> ^v^^-S. 

trellis termination^ ^7)^ q-mcf ^7}X\^G_g.tf 3.^. efl e IMI" ^ ^cf. 

°)d\)*\ ^o]^] ^ tb^ifl^^ ^ 7}7| ^^01 7>^^ m]B.s. ¥ 
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S-S^^ ^#ofl 3*fl*J<>> tr4. 



<127> ti> ^ ^-o. STTC# A>-g-s>^ O]^ ^-A] Al^EflolH ^^lM-^S 

tj-fe- 7f^l^. STTC-fr A>-g-*>^ o)^- -^aj aIaei^i^ ^.g. ^ uflolE-] ^!;-g; # 

SEtlr, STTC* ^>-g-^>^ trellis termination* HHeI ^ 

smfe 7>^icf. 
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J 



1020030004089 #^ 2003/10/7 

l^^ty 1] 

A oM P7flS] o| 2c1f z}-zHH #=^Kr ^jg. nle) ^2: 

>3i5f^ ^^<11-S. #^*Hr M7fl^ ^2:711:34, 

^7} M7flfi] oVEflu(-S. zj-yj^ o^S}^, Aj- 7 1 M7 flol ^7] S-ofl A ^ ^2 

^« ^^Hl u 13 ^€ 3*13 *>i43 ^ ^-i- €**H M7fl3 ^ 

2] 

*lll*cMl SH*!, 

^"71 M7fl3 ^7^ Z^^g- Aj-71 M7fl3 £S7l# Z}-ZHH ^ ^l^l tfl«fl 

*1 ^71 €^S1^ <£2 7fl^l- "g-^tV 7fl^S. mtSLS. t}±r ^7} #*\. 

3] 
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%7\ M7fl^ ^711- ^A£r <#7] ^^7l# ^6\] X\ ^ *V ^ ^1|<l°fl cflSfl 



4] 

^-71 M°l 2°}JL, #7] ^^1^- ^^Hr 7fl^7> 47fl<a ^-f ^}7l ^*}" 

^71 =8-^1 . 

p _fl 1 1 Oi 

81 1 Li o i iJ 

5] 

^-71 M°l 2o]ji ( 4>7l BPSKCBinary Phase Shift Keying) «<H^ ^-f 

*}^r ^7) ^-^1 . 

prlllOlllOlllOlllOr 

9] 1 L1011101110111011J 
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1020030004089 



^ 2003/10/7 



#7l ^ nflH^ Pi^H ^ (column)^ ^ ^(row)^r ^ ^Wl tfl-§-£M 

6] 

#71 ^tfl tH«W3 ol^ o.^l ^> £ S- ^ ^ tH^ol^, AV 7 ) Al^^V H^Bl^ 3=^1 
^#01 4«J ^-f #71 P7flSl olacll- Z>Z>£- §1-71 <^)1 ^ Cf^>ol C}^-A1 

1: ^ ^ ^ ^^1* #71 33 cf^JLS a>-§-^ S}^ #71 #*1. 

<*fli 33 £R V 3> 

gl= 1+D+D 3 , g2=l+D 3 
gl= 1 + D 2 + D 3 , g2 = 1 + D 3 
gl = 1 + D 3 , g2= 1+D+D 3 
gl = 1 + D 3 , g2= 1 + D 2 + D 3 



#71 33 *4^£r #71 M7fl^l ^HlM-l-a- ^*fl ^^Slfe ^^H-^l 

#7l 3|rfl CfoltHAlEl Ol^-^- -Jf*] is}5.^ f>}^ Cft^^H, #71 Al^-Tj; H^E)^ =?t= o 



7] 
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# ^ & #7} ^ ^+)SL5L A|-g-^# ^HJilS. «5Rt ^"71 

<*fl2 33 ^ cf%V^i> 

gl= 1 + D + D 2 + D 4 , g2 = 1 + D + D 4 

gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 

gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

g2= 1 + D + D 2 + D 4 , g2 = 1 + D 3 + D 4 

gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 

gl = 1 + D + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl = 1 + D + D 2 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 
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1020030004089 



^ 2003/10/7 



gl= 1 + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 
8] 

9] 

JLS q - K7fl2l ^iL ti]H«g#-i- ^ K-l 7fl^ ^ cfl o] #^^8" ^£-3. ^ 

[^T 2 -^ 10] 
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M7fl^ ^2: ^Ull" ^ofl ^ i§^£ ^*1^ *K}^ ^2: # ^ 

[^^# in 

7fl^S ^<L3. S}tt #71 « 0 >^. 

12] 

aV^-SlSS. ^^■g-o. ^ #71 

[3^8- 13] 

^10-%H1 5tM^, 
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^7} JH 2°} JL, #7] ^H^-g- ^*Kr 43^1"^ 7 fl^7> 47fl«J % + ^>7l 

^7} ^ . 

p = r 1 1 1 Oi 

io] ' L i o i ij 

#7l DflH^^ Pi°fl^i Kcolumn)^: ^ <8(row)£- ^ «?>3|i-H cfl-g-sqnl 
14] 

#7] M°l 2olj7 t ^"71 £S w 0 >^ol BPSK(Binary Phase Shift Keying) «J ^-f 

71 114 ^ €^ °tiB^°fl A o v -g-^Ml ^s)^ ^^7> f^o 

S. ^ ^71 . 

p _rlll0111011101110i 
21] 1 LlOlllOlllOlllOllJ 

<#7] ^ nflH^i Pj<M <i(column)^ ^ ^*>, *3(row)£r ^ ^sfli-H 
15] 
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^^^-Ol 4 Qj ^JjL v} 7 ] <^1 ^ Cf*j-Al>0] ^ Cf^-All- ^ 0]± ^ T^^O] 

^7) 2)3 ^ cf* 0 VAlO.S A}-g-^-g- S^IO^ ^ ^V 7 ] 

<^]1 *8<% *W^> 
gl= 1 + D + D 3 , g2 = l + D 3 
gl= 1 + D 2 + D 3 , g2 = 1 + D 3 
gl = 1 + D 3 , g2= 1 + D + D 3 
gl = 1 + D 3 , g2= 1 + D 2 + D 3 

16] 

t^^M 5^ ^ v}7] <^fl2 ^3 ^-%^>^ nf%VAi-i- ^ o]± §V ^ cf^VAio] 

^ *1~§-^ <5}ir « 0 >^. 
<^]2 2^ ^ 

gl= 1 + D + D 2 + D 4 , g2 = 1 + D + D 4 
gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 
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gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 

gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

g2= 1 + D + D 2 + D 4 , g2 = 1 + D 3 + D 4 

gl= 1 + D 2 + D 3 + D 4 , g2 - 1 + D 3 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 

gl = 1 + D + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl = 1 + D + D 2 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl= 1 + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

17] 

^110*oH1 Sl^H, 
3 «Hr 
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18] 

*fll7*J-°fl &<>H, 

q - K7fl£] ^J± HlB^l-* #3^ * K-l 7fl^ ^ HH^Ilr^ #3*Rr J} 
3 O.S *}^r ^"71 « 0 >^. 

[^n 1 * 19] 

3HQ7H*1 N 7fl2] ^a] oj^f zj-zj-g- -i-^fl ^ ^^11-^: M7flS] ^ai o> 

fflM-i-^ ^-*H ^!*Rr "f-^l *|tfl cfol^Al^ o]^ 7>^1^ C-flolEi ^Al % 

^•71 M7fl^ ^Al ojEflL|| Zj-Z^ O^S]^, Aj-7] M7flS] ^A] o> E fl ^-S-ofl ^ 

^Aj ^%1-AicHl rcJ-Ef Aj^Ti P7fl^| ^51^1-4, 

Aj-7] P7fl^ oi^Dll- Zj-zHM #^*Rr ^J± H|E^ f |. n]^ ^ w o VAl 

z*zH tfl«fl>H ^£ iH*lo} ^c^ £ ^uj-o^ ^ ^.g. M 7fl 
sj €^-71^-4, 



65-49 



1020030004089 #^ ^7}: 2003/10/7 

#7} M7flS] ^^7l#oflAi #3^Kf- ^^<I#ol # 7 ] *m ^7}6\}X\ ^ 

*fl^4 ^*fl ^41353* 7># *m #7] ^ ^HM* 7>^1 

3. a>}^ #7l #*1. 

20] 

^71 M7fl^ ^^-7l# #7l M7fl^ £ 2:711- Z^ZHH £2 ^^l tflSfl 

M ^7] ^2 7fl 4# ^<Utb 7fl^S ^ #71 #*1. 

[^T 1 * 21] 

*fli9-M 5a°H, 

#7] M7fl^l €^"711; n^^r ^7} M7fl ^ ^S^^. ZJ-ZHH #^*V ^2 ^^1^ cflsfl 
*1 #71 ^2 ^]^ol.^^£l^ ^^7> ^7l^iS £4^5.-1=- ^ig-Qr ^lO S ^ #71 # 

22] 

^119%H1 &°H, 
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020030004089 



n 2003/10/7 



#71 MO] 2°lJL, #71 ^*Kr 7 fl^7V 47fl<a ^-f ^7l ^*H4 

1251- ^ nflB^^l #-§-^711 #7l #*go] ^S)^ ^1^1 7> S^jo £ 

*}^7 #7] . 



P ri i i o, 
L i o i iJ 



[^Al 12] 



#71 ^ nflB^ PiOflAi <l(column)£r ^ ^(row)^: <£N1H-<H1 cfl-g-Sl^ 



, ^sl^B 0^1 ^*HH #71 #^^l 



23] 

#7l M°l 2olJL, #71 «<HH BPSK(Binary Phase Shift Keying) ^4- *>7l 

13J^ ^ ^ oflB^^l #-§-*} Til ^5)^ s#*}7\ m^io fi 
S}tt #71 #*1 . 

p= rlll0111011101110i 

1 L1011101110111011J 

#71 €^ °HB^i P^H <! (column)^: ^ ^7>, ^(row)^r ^41 ^fli-Hl ^-§-£H 
, ^Bl^B 0^1 ^*HH #7l t£ S Al^o) ^^SJ . 

[3^* 24] 
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i 

#71 2)^ cf^^ #ig^l-ol #71 J^cfl Cfoj^AlEl o] ^ -fM 

S. ^ i4* o VAlolol ( #7l Al^^V H^Sl^ 3-^-2] ^^#ol 4^ 730- a o V 7 ] p 7 flo) 0}=^ 

s. z^o. ^r>7l <*fll 3?m Cf^>-21 ^ I" # ^ ^ ^"71 ^ 

3 A}-g-^g- ^lo S ^ # 7 j 

<^1 aJ# t}-^Al> 

gl= 1+D+D 3 , g2=l+D 3 
gl= 1 + D 2 + D 3 , g2 = 1 + D 3 
gl = 1 + D 3 , g2= 1+D+D 3 
gl = 1 + D 3 , g2= 1 + D 2 + D 3 

25] 

^19*oHl 

#71 J}* #71 ^2 #^<Il-o] #71 CfolttjAlB) oj S--g- ^) 

^ ^ Cf^^H, ^7l Al^> EEfl^^ i2£L^l ^-^#ol 5^ ^.f #71 P7flSl oj^Dl 

* z>z>^ §v7i <^i2 213 ^ ^hh^ ^ chhi- ^ ^ ^ ^"71 3} 

3 ^ Cf^VAlO.S. A}-^* ^SLg. <5>^ #71 #*1. 
<*112 ^^H> 
gl= 1 + D + D 2 + D 4 , g2 = 1 + D + D 4 
gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 
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gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 

gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 

g2= 1 + D + D 2 + D 4 , g2 = 1 + D 3 + D 4 

gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2 - 1 + D 3 + D 4 

gl = 1 + D + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 

gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl = 1 + D + D 2 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

gl= 1 + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 



13^8- 26] 
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#7l ^# #U<£ $<%7]& #7l M7fl^l ^7l«olH #3*Kr ^^l^l #7l 

*m ^7H>H *fl%i ^4 ^Ut!: -f-*fi ^S)^^- 7># *fl^ #^^r 

hypothesis^}-, 

#7l 7># *m #7l Aj^S-^o] 7lB]» X14!;SHr pfliseJ T^MSj-, 

#7l 7H V ^ A <M ^ %± Tie!* 7>^1^ ^ 

^J^l-i: #71 ^7H1^ ^ 3#*Hr 7^ ^^7l» i^-fr ^ 

SLS- #7} #*1. 

[3^8- 27] 

#71 #^1^ #71 ^M. alE^f4 H^Bli #JL» ^ ^ dH^IM: cf^sj.^^ 

<=H§^7l-i- V\ 3L^-^g- ^"^^ *}^r #7l #*1. 

28] 

#7l 4^5}-7l^ #7l Al^^V EHfla)^ ^-^Vo] K olJl ( ^-71 Al^-^V S^Sl^ 

2-3. q - K7fl^l ^M. HlBl-i-i- ^ K-l 711^1 ^ c-flolE^-i:^- #^^g- ^-^ 

#71 #*1. 
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[^^*o> 29] 

EllM-** M ^l*Rr T^flo^ J}tfl tHtHAl^ o]S-g. 7 }x}^ Z\]o]B\ # 

^, 

#7} #2: ^"^1 £3€ ^HJE ^]«# ^ 

7HH ^H:* ^#*Rr if"^ ^ #7l 

30] 
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#7l #S AA^W tfl*IH AV 7 ] ^ ^H^l 7fl -M- 7^3. 

*>^r #7l 

31] 

*ll29*cM 5^1, 
Sl£^ *^^>§- IRJiLS <5Hr #7l « 0 V^. 

32] 

#7l M°l 2olJi ( #71 ^^^-i: ^*Hr ^^1-^ 7fl^7> 47fl«a *>7l 

A1 14^ ^ ^ ^B^^l #-§-*} 711 ^7l ^^ol ^51^ ^^7> 

^ ^7) U-^ • 

u] 1 L l o l lj 

#71 ^ <l(column)^r ^# ^7>, *Krow)£r ^A] oJ-EflufcHl tfl-§-£H 

, ^Sl^H 031 ^*H*1 #71 ^2: ^Ol . 



33] 
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1020030004089 #^ Q*}: 2003/10/7 

#7] M°l 2°}51, ^7} *&+)o] BPSK(Binary Phase Shift Keying) *&^<£ 

3- ^7} ^ . 

p rlll0111011101110i 

1 L1011101110111011J 

^7) nflegjA Pl 6\)*\ <g( co lumn)£- ^7}, *J(row)£: ^ ^:3]u|-ofl 



34] 

^ ^HH^ ^ ^ ^ tf^M <=>) ^7] S)^ ^ ^}-g-^# 

^<L£. t}^ ^7} 

<^)1 3^ ^ Cf^> 

gl= 1+D+D 3 , g2=l+D 3 
gl= 1 + D 2 + D 3 , g2 = 1 + D 3 
gl = 1 + D 3 , g2= 1+D+D 3 
gl = 1 + D 3 , g2= 1 + D 2 +-D 3 
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35] 

*Kr « 0 >^. 
<^12 s|3 ^ ^*^> 
gl= 1 + D + D 2 + D 4 , g2 = 1 + D + D 4 
gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 
gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D + D 4 
gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 4 
gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 
gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 4 
g2= 1 + D + D 2 + D 4 , g2 = 1 + D 3 + D 4 
gl= 1 + D 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 
gl= 1 + D + D 2 + D 3 + D 4 , g2 = 1 + D 3 + D 4 
gl = 1 + D + D 4 , g2= 1 + D 2 + D 3 + D 4 
gl = 1 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 
gl= 1 + D + D 2 + D 3 + D 4 , g2= 1 + D 2 + D 3 + D 4 
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gl = 1 + D + D 4 , g2= 1 + D + D 2 + D 3 + D 4 
gl = 1 + D + D 2 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 
gl = 1 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 
gl= 1 + D 2 + D 3 + D 4 , g2= 1 + D + D 2 + D 3 + D 4 

36] 

*1)291M SXW. 
3 ^JlS ^ ^-71 

37] 

^iLS. q - K7fl^l ^iL wlH«-i- ^ K-l 71] v§ ellolE^s.^; #?^Rr ^-g- ^> 

^IS. *>fe #7l 
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IS. 1] 



-111 



121-1 

















2J3QI F 


did2d3 ...dp 
> 






: v 

/-121-p/\ 








IP V , 











z-131-1 W 

IS, T ANT 1 



^131-M 



S M T AN ™ 




65-60 



1020030004089 



#^ <^*}: 2003/10/7 
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